Abstract. Tebuthiuron has been found in soils and plants a decade after application to rangelands in semi-arid areas. Forage production, length of growing season, and preference by grazing animals are greater on treated than on untreated areas. It is not understood how these differences occur. Blue grama forage was assayed for concentrations of N, P, K, Ca, Cu, Fe, Mg, Mn, and Zn in treated and untreated plants on adjacent paired plots in the field, 6 to 11 yr after tebuthiuron applications at three locations in Arizona. Only Fe and Mn concentration differed among treatments, being significantly higher (P = 0.05) in blue grama from treated plots. Nomenclature: Tebuthiuron, N-[5-
INTRODUCTION
Tebuthiuron is used to control weeds and woody plants on rangelands (5, 10, 18, 20, 21, 23) , and has been found in soils and grasses a decade after applica tions (12, 13) . Forage production following tebuthiuron treatments has varied from reduction to several-fold increases, depending on the species and degree of re lease from competition (1, 25, 26, 29) . Plants had 3-to 6-wk longer growing seasons on some treated areas than those on adjacent untreated areas (2, 14).
The increased forage production and a longer growing season could be a result of less weed and woody plant competition.
Cattle (Bos taurus) and goats {Copra hircus) have shown a grazing preference for plants on tebuthiuron treated areas over plants on untreated areas, especially during the initial year after treatment (2, 15, 16, 19, 24) . This preference for tebuthiuron treated plants is not understood. Plants on treated areas may have a higher water content than those on untreated areas (2, 28), but cattle still preferred tebuthiuron-treated plants when both treated and untreated plants had succulent regrowth following mowing (24) .
Some studies indicated that the protein content of tebuthiuron treated plants was increased (2, 15, 16, 17) .
Other studies indicated little or no difference (1, 28).
Tebuthiuron effects on crude protein have been reported as being limited to the growing season after treatment (2, 17); however, crude protein was reported to be highest in the winter and spring in the diets of goats grazing on treated areas 3 yr after treatment (16) .
Phosphorus content was reported both as being in creased (2) or not being affected (28) . Carotene content (28) and cell wall contents (2) were not affected. Dry matter increased without consistent differences in for age quality (6) .
Organic matter digestibility increased the initial year following tebuthiuron applications (2, 15). Lopes and Stuth (16) reported that in vitro digestible organic mat ter was higher in summer and winter on treated areas than on untreated areas 3 to 4 yr after applications, but others indicated tebuthiuron did not affect in vitro digestibility (17) . Nitrogen was increased in treated soils 6 yr after applications in the field (26) . However, soil nitrogen mineralization or nitrification nutrients were not affected in laboratory studies when tebuthiu ron concentrations were <1 |ig g"1; but small, tempo rary, localized effects were reported with tebuthiuron concentrations of 100 and 1000 jj. 'Received for publication Sept. 5, 1990 . and in revised form Dec. 18, 1990. 2Res. Agron., Agric. Res. Senr., U.S. Dep. Agric, 2000 E. Allen Rd.. 
RESULTS AND DISCUSSION
Iron and Mn were the only elements significantly higher (P = 0.05) in treated blue grama than in un treated blue grama 6 to 11 yr after applications ( Table   1 ). The additional Fe and Mn in treated blue grama forage could be due to elements released from herbi cide-killed plants; woody plant roots decay slowly (27) , so such effects may last several years. However, low concentrations of tebuthiuron were found in the soils of these plots (12) and low concentrations of tebuthiuron metabolites were detected in concurrently assayed treated blue grama forage (Table 1, Iron is essential for chlorophyll formation with small amounts of Fe firmly bound in the grana of the chloroplast (11) . Iron is also in some enzymes, being essen tial for the prosthetic group of enzymes, and incorpo rated in more complex molecules, such as Fe porphyrin. Concentrations of the other elements (Ca, Cu, K, Mg, N, P, and Zn) did not differ significantly between treated and untreated blue grama (Table 1) . Concentra tions of these elements are similar to previous reports for this and similar grasses (7, 22) . These results agree with Sosebee (29) who reported P concentration in forage was not affected by tebuthiuron; however, Bion- 
